
— S.—
’Q I

LAD 1
~ 

~~~ 4 & Reports Control Symbol
OSD- 1366

/ 
~~~~. 

o~ 

R ES E AR C H AND DE V ELOPM ENT T ECHNICAL REPO RT
/ ,! : ECOM - 5825

SYNCHRONOUS METEOROLOGICAL
~ SATELLITE DIRECT READOUT GROUND
~ SYSTEM DIGITA L VIDEO EL ECTRONICS

By
• Marvin H. Dubbi n

Dennis Hall

• . 3:’: .~ci~’

~~M LY LE~ LE PR~~CTh~a

: Atmospheric Sciences Laboratory ~: US Army Electronics Command
White Sands Missile Range , New Mexico 88002

>—•

• June 1977

• i ~~ Appr oved for public release; distribution unlimited .
.
• __J• • • • • • • • • • •.• •. .• .• •. . .

~~ECOM
“

~~~~~ ~~~JNITED STATES ARMY ELECTRONICS COMMAND - FORT MONMOUTH, NEW JERSEY 07703

____________________________ - ~~~~~~~~~~~~



-
~~

N O T I C E S

Disclaimers

The findings in this report are not to be construed as an
official Department of the Army position, unless so desig-
nated by other authorized documents.

The citation of trade names and names of manufacturers In
this report is not to be construed as official Government

V indorsement or approval of commercial products or ss rvio•.
referenced herein.

Disposition

Destroy this report when iii. no Longer nerded. Do not
return II to the originator.



ERRATA PAGE FOR ECOM-5825

SYNCI-IRONOtJS METEOROLOGICAL
SATELLITE DIRECT READ&UT GROUND
SYSTEM DIGITAL VIDEO ELECTRONICS

Page 9, thIrd paragraph on page, first and second lines in paragraph

Change “Another area that has required hardware redesign in the
l ocation of the grid bit -is the JR da ta word.’1 to TMAnother
area that has required hardware redesign is the location of
the grid bit in the IR data word.”

Page 9, sixth paragraph on page, second line in paragraph

Change “This switch in the program mode G sets...” to
“This swi tch in the program mode sets.~~”

Page 10, changes :

second paragraph, second line : Change Schematic AZAS to Schematic A2A5

thi rd paragraph, first line : Change Schematic AZA5 to Schematic A2A5

third paragraph, fifth line: Change Schematic AZA2 to Schematic A2A2

third paragraph, eleventh line : Change Schematic AZA12 to A2A12

third paragraph, twelfth line: Change “B AZAZ pin 29...” to “B A2A2 pin 29...’

fifth paragraph, fourth line: Change AZA5Z24 to A2A5A24

fifth paragraph, fifth line : Change A3A5 A3Z to A3A5 A32
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INTRODUCTION

The Synch ronous Meteorologica l  S a t e l l i t e  (SMS ) program ori ginated in
March 1974 with  the launch of the SMS—A . The White Sands Missile Range
(WSMR) Di rec t  Readout  Ground S t a t i on  (DRGS ) was delivered in the  same
month and received the f i r s t  p i c t u r e  t r ansmi t t ed  from the sa telli te on
25 May 1974.

Operational expi-rience and consultation with  researchers requ i r ing  SMS
data revealed the necd to refine the basic DRGS and to add the data pro-
cessing equipment necessary to fully exploit the information contained
in the SMS da ta  s t r eam . The research groups r equ i re  da ta  f i les  which
are computer compatible , sectorized to a specif ied area , and high ly re-
liable in terms of low error rates . Hard copy film •inages are required
on a dai ly basis to allow select ion of areas which  might  be of in teres t
for  in tens i f i ed  s tud y .

This repor t  describes some of the steps taken to upgrade the ori ginal
system.

BACKGROUND

The SMS views the ear th from a nominal a l t i t u d e  of 22 , 300 miles . The
satellite receives its opera t ional  commands f r o m  the Command Data and
Acquisition (CDA) Station at Wallops Island , VA. In its normal opera-
tional mode , it is commanded to transmit its data once each half hour.

The satellite has a nominal rotation speed of 100 rpm. This rotation
generates the West—East scan of the earth. At the nominal 100 rpm rate,
the period of scan is 600 msec.

To generate the North—South earth limits , a stepper mirror is incorpo-
rated . One thousand eight hundred and twenty—one steps of this mirror
generated the North—South satellite earth viewing window. Each step is
about 4 miles.

The data collection sensors consist of eight visible and one inf rared
(IR) . A second IR sensor is available as a backup. The nominal resolu-
tion of each visual sensor is 1/2 by 1/2 mile. The 2— b y 4—mile resolu-
tion for the IR sensor generates the IR data for the same area.

In r,ne revolution of the satellite , the earth is scanned for about 18
degrees. Each scan consists of data from one IR sensor and eight visual
sensors . These data are transmitted to the CDA station at a 28—megabit
rate. The data are time stretched to fill the remaining 342 degrees of
satellite rotation and retransmitted back to the satellite. The satel-
lite retransmits the data back to earth where it is available to the
users at a 2—megabit data rate.
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The above explanation deals with the mode A data transmission (Fi~~. 1 .
The other modes, B and C/D, are shown in Fig. 1 also. The general c~-
eration is the same except the visual sensor data is averaged in oper-
ating modes B and C/D as shown in Fig. 1.

Except for the initial satellite checkout phase, modes B and C/D have
never been used; therefore , the remaining discussion will deal with mode
A operation only.

The stretched VISSR data is received at the users ground station , DRCS ,
at about 1687.1 MHz.

DIRECT READOUT GROUND STATION

The DRGS receives the 1687.1 MHz signal via a 25—foot parabolic dish
antenna. Here the signal is amplified , down converted , and transmitted
through semirigid coax to the receiver at 137 MHz.

The block diagram in Fig. 2 shows the signal flow. The 137 MHz receiver
amplifier filters and generates a final intermediate frequency of 10 MHz
which is routed to the phase shift keyed (PSK) demodulator. Here the
10 MHz carrier is stripped off and the data are sent to the bit and
frame synchronizers. The bit synchronizers provide a O~- and 90—degree
phase clock to the frame synchronizer . The frame synchronizer decides
which data is being processed (IR or visible) and generates line syncs,
word counts , step commands and serial to parallel data conversion.

The data enters the digital video Liectronics drawer in a parallel word
format. This unit is the heart of the data handling capabilities for
the laser beam recorder (LBR) . It contains the logic required for data
enhancement, memory control, and data transfer decision network.

In addition to the data control logic, the drawer also includes a digital
to analog converter (DAC) to drive the laser beam modulator driver. The
data presented to the DAC must pass through 1 of 16 lockup tables. These
lookup tables provide the enhancement capabilities for real—time LBR
transparencies.

The modulator driver modulates the laser beam as it passes through a
liquid crystal . Lenses and mirrors pass the light beam to the stepper
motor optics. The rotating drum that holds the film rotates in synchro-
nism with the satellite, and the stepper motor transverses across the
film at the transmitted line rate. The drum rotation gives the West—Eas t
earth coverage and the stepper motor generates the North—South earth cov-
erage. The nominal 1821 steps of the satellite mirror take 18.2 minutes
to complete the full earth coverage. Processing of the film adds another
3 minutes .
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N o d i  I i  ( a t  I

The f o l l o w i n g  d i s c u s s i o n  is a d e t a i l - ~d & ‘xp i. a na t i o n  of the  system ’s op er—
i ti on  and p r o b l e m  ari-~is. The i i i t t n h i a  sv~~t e- m , down c o n v e r t e r , rece iver ,

and dem o d u l a t or  s u b u n i t s  have r e qu l  ~~~ very  l i t t l e  m a i n t e n a n c e  or
redesi gn. Theoe u n i t s  arc  q u i te  s i m i l a r  to  most  r e c e i v i n g  type  equi p-
m ent  ; t h e re f o re , ~ d e t a i le d  & - x p l ana t  ion of t h e i r  oper ;~t ion is  on t t ed .

Front  End

The f r o n t  end consis ts  of t h e  an tenna , a f i l t e r , a p a r a m e t r i c  a m p l i f i e r ,
phase lock source , and a mixer .  In the ori ginal c o n f i g u r a t i o n , the
phase lock source would lose lock. Tempera ture  and v i b r a t i o n  checks
produced n e g a t i ve  r e su l t s , and no o the r  cause cculd be found  fo r  the in—
tt- rm itte nt loss of lock. Redesi gn of t he  f r o n t — e n d  component layout
t o  t acilitate retuning of the phase lock source without removing it
from the system reduced the downtime from 1 day to 30 minu tes . Another
supp lier of phase locked sources was establ ished , and the  design of the
phase locked s o u r c € -  was changed f r o m  the  ex i s t ing  external  re fe rence
cr s ta l  model t an in te rna l  r e f e r e n c e  crystal  model .  This confi gurat ion
has ope ra t ed  t r o u b le  f r ee  with a mean time between failures of ~ months .

Due to the  loca t ion  of the  DRGS on WSMR and i t s  associa ted  missile mis-
sion , a large q u a n t i t y  of radiosondes are launched . These radiosondes
operate in the same band as the SMS down link frequency , the S—band.
Although the antenna of the DRGS has a 2—degree beam width which should
provide some isolation from interference , operation has shown that the
signal strength of radiosondes is enough to cause interference. Coordi-
nat ion with our meteorological personnel has reduced the rate of inter-
ference but has not eliminated it. The design of radiosondes allows a
high degree of frequency drift that cannot be compensated for at the
pr esent time. This interference may be causing some of the front end
downtime, but this has not been confirmed yet.

Bit and Frame Synchronization

The frame synchronizer is a special design. To the best of the author ’s
knowledge, there are only two in existence , the White Sands unit and one
in the National Aeronautics and Space Administration Mobile Van System .
These units have yet t o  be full y analyzed. Minor changes have been made,
mainly signal c on d i t i o n in g  and a reduction of input/output (1/0) cables .

Ch ang es Made

Wor d p a r a l l e l  d a t a  was o u t p u t t e d  f rom the  frame synchronizer on 15 lines.

~i~~e ij i -ics d e d i c a t e d  t o  t h e  IR data and six dedicated to the  v i s i b l e .

6



Since the da t a  are t r a n s m i t t e d  t ime m u l t i p lexed , t i c -  r~ i~~ no r t ti o n a i .
for separate lines for each set of data. Thi ert t l i t , t i e  d a t a  - sh ired
on the I/O nine IR lines. This eliminated six 1/0 liic , s .

All da ta  exi t  the  frame s y n c h r o ni z e r  on s i n g l e — e n d e d  lin e-c , nriven by
s t anda rd  t r a n s i s t o r — t r a n s i s t o r  logic g a t e s ;  th ese were pla ced with l i n e
dr iver/receiver pairs for differential drive data output. The same pro-
cedure was followed with the input clock and other timing si gnals.

The results of these changes completel y eliminated all cross talk and
other interference on the frame synchronizer ol ; pu t  l i n e s .

Changes to be Made

The SMS data stream contains documentation data at the beginning of each
line. These documentation data give information about the  s a t e l l i t e  or-
bit configuration. In the present system these data are blocked . For
a system that is dedicated to transparency generation this is a logic al
approach , but for computer analysis of the digital data the documentation
data contain useful information.

The frame synchron izer contains word count counters that serve i a purpose

at present. The logic chips hav e been removed , but the back pla ’e wiring
is still intact. If a word counter is necessary it should be in the unit
that requires the counter , eliminating the 14 output cables required for
the word count output.

Digital Video Drawer

This drawer is the heart of the LBR data formatter. Data ‘nrers in a
word parallel format along with word clocks , line syncs a I step com-
mand . IR storage , grid bit extraction logic , lookup tables , and DAC t - t ~~-~
place in the unit. Since the unit is the major data handling subunit c r 1

one of the more complex subunits in the system , it was a major prob l t-r .
area.

Figure 3 shows a block diagram of the digital video drawer. L)at i ente~
this unit from the frame synchronizer. It is held in an input buff er
til clocked out by the proper word clock; then it . enters the r k-~ld/w r i~~t
memo ry . This memory is a 4K by 18 b i t  s t ack , h o r i z o nt ~ a l l v  s p l i t  t a  pa
vide two 4K by 9 b it sections . The f i r s t  4K b y 9 b i t  section p rcv id. -- ~
buffering of the lR data; the second section is used as a lookup m n’crv
to provide film gamma correction and various preprogrammed - a i i i . i t i ~ ~

-

curves . The memory has the cap acity to store up to 16 SetS ot ccclv . - .
for gamma correction or enhancement.

For gridding and iR data processing, the JR d a ta must be buffered. IN
da ta is routed to half of th e 4K by 9 bit memory and then recircul ated

7
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o 1 gh t  t i r c t - s  t o  the DAC. The a t - c l  r cu l .ca t ion  i s - - v niH r i c a c o c i r  w I th t h e  v i  s—
i h i e  t i m e  i n t e r v a l  such  t h a t  t h e  J R  d a t a  is p rocessed  d u r  j u g  v i s i t l t
t Inc . T u e  g r i d  b i t  is t h e  most  signi I i c a n t  h i t  ( M ~~h ) a t  t he  c i  1) 1 1 i-~d a t a  w o r d . Cr id b i t  da ta  is used to c ci c cc-c e t h e  v i  ( I t o  t a he w i t  i ti or
c i  ;1ck as de t  e r m i n e d  b~- t h e  video l e v el .  To oh t a i n  t i c  is o u t  put , ( c i  I N

and v i s ib le  mus t be compared at a l l  p o i n t s  a l o n g  th e  scan 1 cu e . As the
IR and v i s i b l e  d a t a  p o i n t s  are compared s y n c h r o n o u s ly , tiR t into at  i i —
cu r r e n c e  of t h e  g r id  p o i n t  is d e t e r m i n e d .  Th i s  p o i n t  is  c o l c c i c n i t d  t o
t h e  i n t e n s i ty  va lue  of the  v i s i b l e  da t a  at t h a t  tim e and a wi t I i i  or  h i t
d a t a  value is s u b s ti  t o t ed  f o r  i t .  The t r a n s  f e r  si  i~i c ; c 1  t h a t  c o n cm a u d .s ic.
b u f f e r  to t r a n s f e r  i t s  s tored  data  to the  DAC o r i g i n a t e — ;  t r am t h e  me mor y
t i m i n g  c i r c u i t ry .

M o d i f i c a t i o n  to the  D i g i t a l  Video I) rawt -r

This sub u n i t  has been comp le te ly redesi gned. The c o m p o n e n t s  and t h e o r y
f r o m  the  o r ig ina l  design were used , but  t he i r  log ic and layout w e r e -  re-
placed.  The ori ginal docum en ta t i on  f o r  t h e i r  u n i t  was e r r o n eou s  and in-
comp le te .  Many of the components in th is  drawer  w e r e  u n u s e d .  Ac a re-
sul t  of the redesign , t roubleshoot ing  time has been c -ut  in hal t , in
one case six boards con tain ing an average of 26 chi ps per hoa rd  were
replaced by one p r i n t e d  c i rcui t  hoard c o n t a i n i n g  20 ch i ps.

Another area that has required hardware redesign in the location a t  th e
grid b it is the IR data word. The gridding information is contained in
the MSB of the IR word , which means that the sensor data information of
the IR and visual word are disp lac d by one bit. When the serial data
stream is shifted into a parallel data word , the MSB of the IR word is
the grid bit with the MSB of the visible word being sensor data. To
align the data , the visible parallel word must be shifted one bit posi-
tion to align sensor data information.

This misalignment of sensor data would not have occurred it t h e  g riddi i c c
information had been in the least significant bit location of t h e  I N
word . Then the MSB of the IR sensor word and the MSB of t he  visibl e
sensor word would have been in alignment.

The follow ing is the theory of opera tion of the d i g i t a l  v i d e o  d r a w er .

PROGRAr~4lNC

Programming of the lookup  t ab les  is  in i t  i - a t  ~ d h~’ tiit - I a a i i  t 11(101 1 II ~ r ut.
run switch . This switch in the program mode ~~ i t  - - t h i t  I) c~ p i t  of c i

(p in 5) and locI~- s the memory t o  m o ( h i -  2 vi I h i s  t h i t -  I ~ t i i i  Ii it i on
of the  memory . The mode con t r o l  l i f l e s  sp l i t  h i . i~ 1 1 1 ( 0  t v  1w

b i t  s t - c t  ion s . Mtvii - 1 is the I N  data - t  r a g - S I  c I  i - c c .  i i i .  .a i n l t - d  s i —
c i i of  t h e  f r o n t  panel p r o g r a m  s w i t c h  .01(1 t i i t  I )  c c l  p u t  i - I  /dI  i c ~ aLi t

mode I d u r i n g  p r o g r a m  t i m e .
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The core address switches also function as data entry switches. In mode
1, four address lines are tied to front panel switches which split the
mode 1 or lookup section of the memory .ato sixteen sections. Each
sec tion is 9 bit by 256 locations. This leaves eight switches for ad-
dressing and data entering.

The program/run switch also blocks the input word rate clock by putting
a low on pins 2 and 13 of A22 Schematic AZA5. The lookup section to be
p rogrammed is selected by the four fron t panel sw itches w ith the o ther
eight in the zero position . This selects the starting address location
when the examine switch on the memory control  is pressed .

The examine s w i t ch  Schematic  AZA5 sets the Q output of A24B high. This
s w i t c h  is a momentary sw i t ch  and the  Q o u t p u t  of A24B goes low when it
is released. This gene ra t e s  an input data strobe. The wr i t e  operation
is inh ib i ted  at th i s  t ime so t ha t  the  da ta  s tored in th is  location can
be examined . The i n p u t  data  s t robe  clocks Z8 Schematic  AZA2 which gener-
ates memory initiate through Zl4 pin 4. At the end of memory busy Zi
tri ggers , whi ch rese ts Z8 p in 9 through Z8 pin 6 and genera tes a second
memory initiate. The second memory busy cannot genera te another memory
init iate because Zl4 pin 1 is high . The firs t memory initiate sets Z7
and 9 such that address select A selects the address counter for the
memory address (J6—54 , J5—54 , J4—54, Schematic AZA12). Address select
B AZAZ p in 29 is zero when in the program mode.

Lookup (LU) select A A2A2 p in 9 i n i t i a l ly allows the LU lines to address
the memory . The first memory initiate puts a “zero” on LU selec t A and
a “one” on LU select B. This in conjunction with the address select
lines places the address register on the address lines of the core. The
second memory initiate switches the LU lines to the address lines and al-
lows the data stored in the address location to be examined.

When a word is to be programmed , the signal flow is similar to the exam-
ine routine. The main difference is that the write inhibit is generated
and the programmed data value is stored in the memory . The momentary
enter switch toggles , which se ts the Q output of AZA5Z24 pin 5. This
genera tes an input data strobe through A3A5 A3Z and a wri te inhibit
t h r o u g h A2A5A23. When the sw itch is released A2A5A24 p in 5 returns to
the reset state. With the front panel data switches set to the desired
value , the input data buffers pass the data values to the holding reg-
isters A2A5A~() and A3l. The data is clocl -d into the registers by the
trailing edge of the input data strobe.

W i t h  the this/next switch in the “this ” posi t ion , the memory address
register is held in the address previously selected and the data will be
stored in that address. With the switch in the “nex t” posit ion, the
memory address register is allowed to autoincrement and the data is then
stored in the next address location .

10



R UN MOI)L

In the run mode, timing is initiated from t h e frame synchronizer. LR
sync clocks A2A2 Z9 pin 5 high v ia the l ine  rece iver , which  p u t s  a low
on the mode 1 ( IR  s to rage)  contro l  of the memo ry and allows the IR data
to be written and stored in memory . Mode 2 con t ro l  is main ta ined  in the
high state while in the run mode. Therefore, data can never be written
into the LU tables while in the run mode. IR data clocks are gated through
A2A5A22 to generate the input data strobe. The input selector selects the
IR lines at input. These data are clocked into the buffer register by tile
trailing edge of the input data strobe. The trailing edge also generates
a memory initiate pulse via Z8 and Zl4 of the A2A2 card. The remaining
sequence is the same as the program cycle. Upon comp letion of the IR
cycle, visual sync rese ts Z9 via the line receiver and Z12 pin 8. Mode
1 control and mode 2 control of the memory are now in a read only state.
Visible data clocks are gated through A2A5A2 2 to genera te the input data
strobe and select the visible data lines as input to the buffer regis-
ters A30 and A31. Address select A and B select the lookup lines as
input to the memory ’s address. Lookup select A and B select the data
lines to be present on the lookup lines.

Therefore , the visible data selects an address on the first cycle of
the memory. The end of memory busy of cycle 1 generates cycle 2 memory
initiate. Now the lobkup select A and B passes the data that is stored
in the memory location selected . This data , i.e., the programmed lookup
word , is then present on the buffer register of the DAC . These data are
clocked into the register by the video latch data strobe (pin 31 of A2A2).

The video latch data strobe is generated by the end of cycle 2 memory
busy. Cycle 2 memory busy fires A2A2Z1 pin 10 on its trailing edge. One
hundred nanoseconds later Z3, a 400 nsec one—shot, is fired via pin 2. Z14
pin 1 has gone high because the end of cycle 1 memory busy triggered Z8
pin 3 and rese t Z8 pin 13. This inhibits a memory initiate pulse from
being generated at the end of the input data strobe and clocks Z7 pin 11
to put a high on address select A and sets the lookup select signals to
the proper states. At the end of cycle 2 memory busy Z7 pin 11 ge ts
clocked by the Z3 pin 4 one—sho t and the fall of the signal on Z7 p in 9
fires the video latch data strobe one—shot Z3 pin 10. The data are latched
into the DAC buffer register A2A8 at this time.

This completes a cycle of visible data; i.e., the only data available to
the DAC is visible . If the operator selects IR data to be available at
the DAC, the sequence is similar because the IR data is inserted in the
visible time interval. When IR data is selected on the front panel , pin
35 of A2A2 goes low.

IR data is written in memory as explained above. During the visible
interval , lookup selec t B is held in the high state. Thus during the
visible time interval the LU line selector looks at the IR data stored
in memory and at the data lines which have the visible data present on
them.

11



4
JR DAT~\ OUTPUT THEORY

At the end of t h e JR interval , visible sync resets Z9 via the line
receiver and Z12 p in 8 of A2A2 . The mode 1 and 2 read/write controls of
the memory are now in the read only state. Visible data clocks are gated
t h rough  A2A5A22 to generate the input data strobe and select the visible
data  lines as input to the  b u f f e r  register. These data are present on
the  ‘ D” l ines  of the  lookup l ine se lector  (1 out of 4 decoder  A2A 1O).
Since the lookup select B s ignal  is he Ld in the  hi gh s t a t e , the se lec tor
selects the memory lines as i n p u t  w i t h  lookup select A low. A2A2 Z7 pin
9 is in i t i a l ly low ; t h e r e f o r e , address select A is low with address select
B in the high state during the visible time interval the address selector
selects the 4 address registers as its input. The input data strobe gen-
era ted by the visible word rate clock clocks the master address registers
A2A12J3 , 4, 5, and 6. The fourth ‘-lock from this register is the input
clock to the 4 address register . This allows every four th visible word
rate clock to read a new JR word from memory . Each IR word is cycled
four times before it is updated; i.e., 15,288 visible words/3 ,822 IR
words = 4/1 ratio . This technique mates the IR and visible disp lay for-
mats for the laser beam recorder.

The input  data s t robe generates the f i r s t  memo ry i n i t i a t e d  pulse by clock-
ing ZS p in 11 of A2A2 . Z8 p in 8 goes low , which f i res  the 100 nsec one—
shot Z14 p in 1. Z8 p in 9 puts  a hi gh on Z7 pin 12. Address select A is
low w i t h  address select B remaining high during the f u l l  visible t ime in-
terval . This sets the address selectors A2A12J5 and J6 to select the 4
address register as its input. The memory initiate pulse reads the first
IR word out 01 memory . The address selector must now be changed to accept
the LU lines as its input and the lookup selector muse look at the JR
data word befcre the next memory initiate is generated. Four hundred
nanoseconds after the input data strobes trailing edge , the address selec t
A flip—flop Z7 pin 11 gets c locked by Z3 pin 4. Address selec t A goes h igh
and lookup select A pin 9 of A2A2 goes high. Lookup select B remains high
during the JR selec tion time by the low on Z7 pin 2. Z7 p in 2 is held low
by the front panel data selection switch in the  IR mode. Therefore, ad-
dress select A is hi gh , addres s selec t B is hi gh, lookup select A is low
w i t h  lookup n e l e c t  B h igh .  W i t h  these condi t ions , the  lookup select ion
selects  the IR da t a  to be a v a i l a b l e  on the lookup lines and the  address
se l ec t ion  s e l ec t s  the  lookup l ines on th e address to the memory .

(ye le 1 is now comp leting its phase and the end of cycle 1 memory busy
gera- rat€- - cycle  2.  Cycle 1 memory busy f i r e s  Zi p in 10 of A2A2 . This
100 os i c  pulse- aga in  fires the 400 nsec one—shot Z3 pin 2, 1 i r es t h e
memory initiate or-ic— shot Zl4 p in ~~, and clocks Z8 pin 3. Z8 pin 3 clocics
a n d  p in 6 goes low resetting Z8 p in 13. The Q output of ZP p l a ces a hig h
on -~3 p in I w h i c h  w i l l  b lock  t i t i -  cy c l e  2 memory L u s v .  A 14 p in 1 is also
t i  ~-ht and s il l not r~

155 the 100 nse poise generated by t h e  cud of cycle
it’ u1 r~’ hi ts y . Uve e- 2 TtS T1i (, rV .it late reads the looktap word out of

tc ec nory, ;ird this va l ue is now availah l~ on tile lookup program lines of
th e J l ) f l k c ; 1 )  5—el ( c t  i

12



The lookup selector mus t now make this data available on the lookup
lines. Three hundred nanoseconds after cycle 2 memory initiates , Z3 pin
4 goes high clocking Z7 pin 11, putting a low on address select A. When
lookup select A went high, Z3 pin 10, the data latch one—shot , clocked.
These data are la tched into the digital to analog buffer register 1.6
nsec later , af ter the programmed lookup word is available on the lookup
l ine .

13
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